The prediction of violence among psychiatric inpatients using biophysiological indicators is warranted for re-examinations longitudinally. This study aims to explore factors associated with the occurrence of violence and subsequent medical impacts in psychiatric inpatients.
T he violence of psychiatric patients is a crucial issue for health care providers when additional medical expenses occur following inception. (1, 2) Alleviating adversely aggressive conduct in psychiatric patients is one of the top priorities of psychiatric medical teams in medical settings. Psychiatric inpatient attacks are not rare events in a psychiatric staff's regular practice, in spite of the implementation of many interventions, such as environment constraints, frequent security checks, violence management training, and chemical/physical restraints. Violence also represents an important barrier to discharge.
Many researchers have attempted to explore factors associated with the occurrence of violence among psychiatric inpatients. Although risk appraisal research indicates that violence is predictable in some populations, there is no reliable indicator or guideline that is currently globally accepted. (1) Previous studies have shown potential risk factors related to inpatient violence, including gender, (2) age, lower education level, (2) acute psychosis, (3) poor impulse control, (4) history of recent assaults, (5) neural and neuropsychological abnormalities, (6) life events, (7) and alcohol or substance abuse. (5, 7) There have been few, if any, studies addressing biophysiological factors in predicting subsequent violence among psychiatric inpatients. If the characteristics of a high risk group for future violence can be predetermined, then effective interventions can be designed.
The relationships between hyperlipidemia and cardiovascular disease mortality were established in the 1990s. (8) However, a meta-analysis of six primary prevention trials revealed no statistical association between lowering cholesterol concentration and reducing violent death. (9) Elevated cancer mortality and an increasing incidence of other adverse events, including suicide, accidents, and violence, were found in another study, which demonstrated that lowering cholesterol levels can prevent cardiovascular diseases. (10) Scholars in Japan have reported similar findings, confirming the association between lower cholesterol levels and increased likelihood of suicide attempts. (11) A German group has also observed a significant association between lower cholesterol levels and a higher occurrence of violent behaviors. (12) On the contrary, another study has demonstrated that men with cholesterol levels equal to or lower than 160 mg/dl did not have an increased number of suicide attempts. (13) However, a significant decrease in the serum triglyceride level in the group with low cholesterol was observed among subjects who had attempted suicide in another study. In addition to cholesterol, levels of triglycerides are a lipid indicator and could be a predictor of violent behaviors. However, a Taiwanese study has demonstrated no statistical significance between lipid profiles and depression disorders among menopausal women. (14) The complicated mechanism and unsettled phenomena among lipid profiles and violent behaviors for different populations warrant further investigations. Thus, the objectives of the current study are to explore the association of these lipid indicators and the occurrence of inpatient violence, as well as to investigate the effects of these indicators on subsequent medical expenses.
METHODS

Study samples
The study samples were recruited from among inpatients who were admitted into the acute units of a public mental hospital from January 1 st , 2005 to December 31 st , 2005. According to previous reports, clozapine significantly reduces aggressive behaviors in the treatment of schizophrenia. (15) To avoid the confounding effect of treatment, the present study excluded schizophrenia from the analysis. After careful review of the medical chart, all subjects were not prescribed clozapine. The patients included in this study met the following operational definitions: (1) schizoaffective disorder or bipolar I disorder; (2) the most recent episode met manic criteria; (3) violence was defined as assaulting behaviors that necessitated seclusion and restraint. Psychiatric inpatients that were diagnosed with organic brain syndrome, alcohol/substance-induced psychotic disorders, dementia, autism or its related disorders were excluded from this study. The diagnosis of psychiatric disorders was assured by a group of senior practitioners and reconfirmed by subsequent clinical observations. Under review, monitoring, and approval by the Institute Review Board, 99 patients with a total of 123 patient visits who were admitted to the acute ward were asked to fast overnight after their admission and were taken their blood speciman. Violent events were followed and investigated longitudinally in the two-month period upon patient admission. Parallel analyses were performed to further validate the data by including and excluding one of the 99 patients who had a history of heart disease, and concluded that the effect of this case was not significant and had no skew effects in this study.
Measures
Medical expenses were classified as length of hospital stay, total medical expenses, and itemized medical expenses including drugs, consumables, and treatments. Extra medical expenses were derived from violent behaviors and a positive association between severity of violence and extra medical expenses was anticipated. Injuries and intensive care following violent behaviors resulted in increases in all itemized medical expenses such as surgery/treatments, diagnosis/tests, medications, and consumable glossaries.
Data analysis
The chi-square test was used to investigate the statistical significance of categorical variables between groups, while a two-sample t test was applied to analyze the differences in numerical variables between study groups. Because of the dependent nature of a few observations in this study, Generalized Estimating Equations were employed for the following multivariable regression analyses. A conditional logistic regression model and a Poisson regression model were used to calculate multivariable adjusted odds ratios as the strength of association in the likelihood and frequency of violence occurrence. Length of stay and medical expenses were logarithmically transformed before analysis because of a right skew distribution. Conditional linear regression analysis was applied to construct models associated with the subsequent medical expenses. For stratified analyses, the levels of triglycerides and cholesterol were dichotomized into high and low groups according to the average value. As in the predictive model on violence, the level of triglycerides was a significant predictor of violent inception. The following analyses with a combination of triglycerides and violence provide evidence of the subsequent medical impacts. Due to the previous causality model, violence was an intermediate variable after examination of the relationship between triglycerides and medical impacts (length of stay and medical expenses). Under such conditions, it was not suitable to treat both triglycerides and violence as independent variables so stratified analysis with a combination of triglycerides (high and low) and violence (yes and no) was performed in the subsequent multivariable models. A p value less than 0.05 calculated with two-tailed tests was regarded as statistically significant. The Statistical Package for the Social Sciences version 16.0 (SPSS Inc., Chicago, Illinois, U.S.A.) was used to perform the statistical analyses.
RESULTS
Ninety violent episodes in 43 patients occurred during the study period. These patients were classified as the violent group in this study. Fifty-six patients who had no violent behavior during the same study period were classified as the non-violent group. Seventeen inpatients were admitted to the acute wards twice, 2 patients were admitted 3 times and one patient was admitted 4 times in a year. A total of 99 patients were examined in the current analysis. There was a statistically significant difference in triglyceride level between the study groups, 113.84 mg/dL (95% CI 45.75 mg/dL to 181.93 mg/dL) and 83.63 (95% CI 46.73 mg/dL to 130.36 mg/dL) in the non-violent and violent groups, respectively (p = 0.006). Bipolar manic patients had a higher likelihood of violent behavior, with a violence rate of 55.9% (as opposed to 16.1% in the affective schizoaffective patients) (p < 0.0001). No statistical differences were found for sex, age, height, weight, body mass index, cholesterol, educational level, and rate of substance abuse between the study groups ( Table 1) . Analyses by generalized linear models demonstrated that the level of triglycerides was significantly negatively associated with the occurrence of violence (OR = 0.988, 95% CI 0.979 to 0.996) and the frequency of violence (OR = 0.987, 95% CI 0.977 to 0.997) in multivariable adjusted models (Table 2) .
Further analyses of the effect of medical expenses stratified by violence and lipid profile demonstrated that elevated levels of medical expenses were found in patients with the following characteristics: higher triglycerides with violent behavior, lower cholesterol, no co-morbidity with diabetes mellitus, diagnosis of schizoaffective disorder, and young age ( Table 3) . Analyses of itemized medical expenses demonstrated results similar to those for total medical expenses.
Interactions and patterns of association were examined by stratifying triglyceride levels and cholesterol levels. A 'U-shape' relationship for total medical expenses was found among strata of lower triglycerides-lower cholesterol, higher triglycerideslower cholesterol, lower triglycerides-higher cholesterol, and higher triglycerides-higher cholesterol in the violent group. The multivariable-adjusted length of hospital stay was found to be 62.77 days, 45.77 days, 43.21 days, and 41.62 days, from the highest to the lowest, in the violent patient groups with higher triglycerides-higher cholesterol, lower triglycerideslower cholesterol, lower triglycerides-higher choles-terol, and higher triglycerides-lower cholesterol, respectively (Fig. 1) . The multivariable-adjusted total medical expenses were NT$ 91201.27, NT$ 81148.15, NT$ 73791.76, and NT$ 71877.54 from the highest to lowest, in the violent patient groups with higher triglycerides-higher cholesterol, lower triglycerides-lower cholesterol, higher triglycerideslower cholesterol, and lower triglycerides-higher cholesterol, respectively (Fig. 2) . Statistical significance was found for both length of stay and total medical expenses for both the violent group and nonviolent group in the higher triglycerides and higher cholesterol stratum.
DISCUSSION
The current study demonstrated a significant relationship between triglycerides and violent behavior among psychiatric inpatients, which is informative for future clinical practice and research. First, the serum level of triglycerides can be treated as an early detection biomarker for the future occurrence of violence among psychiatric inpatients upon admission. Second, medical expenses can be predicted by modeling with the lipid profile and other indicators, helping to lower costs for health care management. The association between serum lipids and violent tendencies or suicidal behavior has been rather inconsistently documented in previous studies. In particular, a negative association between the level of cholesterol and aggressive behavior has been frequently found. (9, 12, 16, 17) Engelberg proposed physiological explanations for the correlation between cholesterol and suicide behaviors. (18) Because cholesterol is an important ingredient of the neuron cell membrane, it plays an important role in transporting neurotransmitters and in modulating their effects. Lower levels of cholesterol have been associated with central serotonergic dysfunction, resulting in impulsiveness and aggressiveness. (15) However, the association between levels of serum triglycerides and aggression behavior is rather inconclusive so far. High levels of triglycerides have been found to be associated with some related manifestations, including agitation or confusion, hostility, and hostile acts. (15, 16, 19, 20) On the other hand, another study detected lower levels of serum triglycerides among aggressive women. (21) This finding appears to be in agreement with research showing an association between elevations in the serum triglyceride level and reductions in violent and suicidal behaviors. (22, 23) Although many studies have proposed mechanisms from the perspectives of genomes, metabolic pathways, the genesis of hormones and related health effects, the relationship between the level of serum triglycerides and human aggression remains unclear. The present study has demonstrated the independent effect of the triglyceride level on aggressive behaviors among psychiatric inpatients. These findings extend beyond previous evidence of the association between cholesterol and aggression. A significant advantage of the present study is the firmness of temporality since we collected the lipid profile on admission followed by the inception of violence. In addition, a relationship between triglycerides and aggressive behaviors has been found mostly in western populations and in populations with other health statuses, but not in Asian populations. A recent European study demonstrated that total cholesterol had a significant negative relationship with inpatient suicidal behavior and inpatient violent behavior. (24) Additionally, triglyceride levels were a significant marker of inpatient 
self-mutilation and self-mutilation in combination with suicidal behavior at 3 and 12 months of followup. Discrepancies in ethnicity may play an important role in the differences between these western studies and our findings. At least one Japanese study has demonstrated an association between total cholesterol and suicide attempts based on Asian ethnicity. (11) This study has provided evidence on the effect of triglycerides on violence in Taiwanese psychiatric patients and found it consistent with other western observations. The discrepancy between these two Asian studies may be attributable to disease categories.
To eliminate the confounding effects derived from a medication history, this study collected information from inpatients' medical charts. Medications related to serum lipids and aggressive behaviors were examined. With further examination of a patient's history before admission, the possible effects of medications on the lipid profile were eliminated among study subjects because of cessation of usage. This observation was consistent with previous reports describing psychiatric patients admitted elsewhere. Patients who discontinued medications were hospitalized because of manic or suspicious symptoms such as hyperactive reactions, oral-intake refusal, deterioration of self-care and insomnia. Based on quality assurance procedures and multivariable adjustment, this study found a predictive value of a 1 mg/dL increase in serum triglycerides associated with a 0.988 increase in the occurrence of violent behaviors. When psychiatric inpatients' triglyceride level was lower, e.g., below the average level of 89 mg/dL, they exhibited an elevated likelihood of violent behavior during inpatient stays. The observations of this study are not novel in theory, but they may provide an important reference for future clinical observations and practices.
Despite the role of triglycerides in predicting violent behavior, further analysis of the effect of violence on medical expenses also demonstrated prominent effects of the lipid profile. The link between triglycerides, cholesterol and medical expenses deserves more intensive discussion and verification in the future. In the present study, extreme or skewed medical expenses were found in patients who concurrently had lower cholesterol and lower triglycerides, and patients with higher cholesterol and higher triglycerides. After the adjustment of confounding variables, the serum lipid profile showed that violence was significantly associated with total medical expenses, as well as items such as medications, consumables, and treatments. Thus, we assume that the health care providers used more medication and short-term injections to control violence. Health care teams might also use insurance reimbursable equipment to manage violence, including physical restraints and seclusion in an isolated room. The association between violence and elevated consumption of medical resources is easy to understand and justify, according to the analysis and conclusions. In addition, this study demonstrated a higher incidence of violence among bipolar manic patients than of schizophrenia affective patients. However, more severe consequences of violence were observed among schizophrenia affective patients than that bipolar maniac ones. Based on our clinical observations, we believe that the phenomena are consistent with the nature of the disease pattern. The violent behaviors in schizophrenia affective patients were more aggressive and required more clinical resources. Overall, the novel effect of the lipid profile on medical expenses is interesting and deserves further discussion.
Considering the effect of the lipid profile on medical expenses among violent cases, the impact of violence was deduced by examining the resource consumption required during the management of these episodes. The current data demonstrated a statistically significant association between violence and various types of medical expenses, regardless of age, sex, and other underlying diseases. Violent cases led to longer hospital stays and increased medical expenses in the group with lower triglycerides-lower cholesterol. The U-shape relationship between medical expenses and the lipid profile may reflect effects of both the occurrence and severity of violent behavior. The prediction and prevention of such violence by lipid profile examination on admission could be valuable for health care management. The early establishment of desensitization environments or behavior modification programs for potentially violent patients could reduce the occurrence and the impact of violence. Furthermore, lipid monitoring or adjustment via medication should be seriously considered.
The significance of this study lies in the predictability of violence, which has been regarded as very difficult or impossible, because of several constraints. First, the incidence of violence is often underreported because of incomplete records, resulting from insufficient or non-standardized documentation. Some clinical staff who are assaulted feel as though they are partially to blame for the violence or believe that being attacked by patients is inherent to the psychiatric profession. (25) (26) (27) Fortunately, because of the reimbursement incentives under the national health insurance system in Taiwan, the study setting of this research was relatively complete. Second, suggestions are being considered for designing a routine recording system in psychiatric patient care settings. Third, although risk evaluation instruments of violence have been widely published, there is still no standard format or guidelines for assessing potentially violent behavior. However, the major findings in this study offer a simple and useful predictive battery of markers for the inception and impact of violent behavior among psychiatric inpatients, which could provide a potential design for a more efficient and caring environment. Fourth, the study subjects were collected from a professional psychiatric care center in northern Taiwan, the representativeness of such patient cohort in terms of Taiwanese psychiatric patients remains an enigma. Future justifications are warranted. Lastly, the measurement of the lipid profile in this study was based upon a single biophysiological test of patients on admission to the hospital. The relationship between changes in the lipid profile and violent behavior inception must be determined by repeated measures in future research.
